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1
METHODS AND SYSTEMS FOR COLOR
FLOW DYNAMIC FRAME PERSISTENCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Chinese Patent
Application No. 201010042708.5, filed on Jan. 5, 2010,
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

This application relates to ultrasonic imaging technology.

SUMMARY OF THE INVENTION

Disclosed herein are embodiments of methods and systems
for color flow dynamic frame persistence in ultrasonic imag-
ing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart of a method for color flow dynamic
frame persistence;

FIG. 2 is a flowchart of a method for calculating the blood
vessel direction of the flow velocity image;

FIG. 3 is a schematic view of calculating the blood vessel
direction;

FIG. 4 is a flowchart of a method for calculating the blood
vessel direction of the flow velocity image;

FIG. 5 is a schematic view illustrating a computation
method of blood vessel direction based on morphology;

FIG. 6 is a schematic view illustrating judgment of flow
movement direction;

FIG. 7 is a schematic view of flow offset;

FIG. 8 is a block diagram of a color ultrasonic system;

FIG. 9 is a block diagram of a system for color flow
dynamic frame persistence;

FIG. 10 is a block diagram of a system for calculating
blood vessel direction of flow velocity image; and

FIG. 11 is a block diagram of a system for calculating
blood vessel direction of flow velocity image.

DETAILED DESCRIPTION

Ultrasonic instruments, which are generally used in
observing the tissue and structure of human body, have
become crucial in medical diagnosis owing to their security,
convenience, non-destruction (of tissue), and low cost. Color
flow imaging technology uses the Doppler Effect to detect the
existence of blood flow in human body and estimate the
kinetic parameters of the flow.

In the process of color frame persistence, the SNR (Signal
to Noise Ratio) of signal detection can be raised with the
amount of time, such that the sensitivity for detecting faint
flow signals can be improved. Typically, the operation of
frame persistence is generally taken at the same position of
previous and current frames, without considering the fluidity
factor of flow. As there is a certain time interval At between
the current frame and the previous frame, when calculating
the flow at the current frame (i, j), the flow at the previous
frame has already moved forward a certain distance along the
blood vessel. If frame persistence is applied to the same
position of flow between the current frame and the previous
frame, the important fact that blood is flowing is ignored, and
the fluidity of blood flow cannot be reflected.
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2

According to one aspect of the disclosure, a method for
calculating blood vessel direction of a flow velocity image
includes distinguishing each of the points in the flow velocity
image as points in a flow region and points in a background
region. The method also includes estimating a rough direction
of'a computing point by setting a plurality of directions and
respectively calculating the number of points in the flow
region connecting with the computing point in each direction,
and taking the direction with the maximum number of points
as the rough direction of the computing point. The method
further includes determining midpoints on the direction ver-
tical to the rough direction in a neighborhood, and taking a
line connecting the midpoints as a median line of the blood
vessel in the neighborhood, wherein the neighborhood is
centered on the computing point and includes a plurality of
points in the flow region on the rough direction. The method
also includes calculating the direction of the blood vessel on
the computing point according to the determined median line
of the blood vessel.

According to another aspect, a system for calculating blood
vessel direction of a flow velocity image includes a distin-
guishing module configured to distinguish each of the points
in the blood flow velocity image as points in a flow region and
points in a background region. The system also includes an
estimation module configured to set a plurality of directions
and respectively calculate the number of the points in the flow
region connecting with the computing point in each direction,
and take the direction with the maximum number as the rough
direction of the computing point. The system further includes
a determination module configured to determine midpoints
on the direction vertical to the rough direction in a neighbor-
hood, and take the line connecting the midpoints as the
median line of the blood vessel in the neighborhood, wherein
the neighborhood takes the computing point as center and
comprises a plurality of points in the flow region on the rough
direction. The system also includes a computation module
configured to calculate the direction of the blood vessel on the
computing point according to the determined median line of
the blood vessel.

According to still another aspect, a system for calculating
blood vessel direction of a flow velocity image includes a
distinguishing module configured to distinguish each of the
points in the flow velocity image as points in a flow region and
points in a background region. The system also includes an
extraction module configured to extract a skeleton of the flow
region from the distinguished image. The system further
includes a computation module configured to calculate the
direction of each point of the skeleton according to a plurality
of neighbor points of each computing point of the skeleton.

According to yet another aspect, a system for color flow
dynamic frame persistence includes an acquisition module
configured to acquire a result of a previous frame persistence
and current flow velocity image. The system also includes a
computation module configured to calculate a blood vessel
direction reflected by the result of the previous frame persis-
tence. The system further includes an offset module config-
ured to offset the result of previous frame persistence along
the direction of a blood vessel with flow direction and flow
velocity. The system also includes a persistence module con-
figured to implement frame persistence between the current
flow velocity image and the offset result of the previous frame
persistence.

Referring to FIG. 1, a method for color flow dynamic frame
persistence may include an acquisition step 100, a third com-
putation step 102, an offset step 104, and a persistence step
108. The method may also include an interpolation step 106.
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According to one embodiment, the method for color flow
dynamic frame persistence comprises: acquiring the result
F, | of the previous frame persistence and the current flow
velocity image 1, (step 100); calculating the direction of the
blood vessel reflected by F,_;, which includes calculating the
blood vessel direction of each point in the flow region (step
102); making an offset for F, | by using the blood vessel
direction, the flow direction and the flow velocity (step 104);
after the offset is done, carrying out the frame persistence ¢(1,,
F, ) for F, | and L; thus obtaining the result F, of the ith frame
persistence.

The blood vessel direction is not about the positive or
negative flow velocity; instead, it is about the flowing path of
the blood flows in the blood vessel, and the blood flows along
the flowing path. The blood vessel direction identifies the
shape structure of the blood vessel. Generally, the blood
vessel direction is considered approximately parallel to the
blood vessel wall. When calculating the blood vessel direc-
tion, the direction of each point in the flow region needs to be
calculated. The blood vessel direction can be determined by
utilizing image processing methods with the spatial structure
of blood vessel.

In one embodiment, the blood vessel direction can be cal-
culated by using a first distinguishing step 200, an estimation
step 202, a determination step 204, and a first computation
step 206, as illustrated in FIG. 2. This may be accomplished
by first, estimating the rough direction of the calculating point
located in the blood vessel, then narrowing the calculation
range, and accurately calculating the blood vessel direction in
a small range. An example of the process is described below.

1. The image distinguishing (step 200) is used to distin-
guish which part of the image is the flow region or the back-
ground region. For example, by binarizing the input resultF,
of the previous frame persistence, each point in the flow
velocity image can be distinguished as point in the flow region
or point in the background region. The binarization can be
done with a threshold, that is, marking the points whose
absolute value are smaller than a threshold as zero and the
remaining points as 1. Additionally, the points in the image
(F,.,) can be directly distinguished as points in the flow region
and points in the background region with a predefined thresh-
old.

2. Rough estimation of blood vessel direction may then be
performed. The estimation can be done by setting the number
of'directions in rough estimation according to requirement for
the accuracy of the system. Two directions including the
vertical and horizontal directions can be set; or four directions
including the directions of 0°, 45°, 90° and 135° can be set. If
necessary, even eight directions can be set. One embodiment
includes setting two directions, respectively calculating the
number of the points consequently connected with the com-
puting point in each direction, and taking the direction with
the maximum number as the rough direction of the computing
point in the flow region (step 202).

FIG. 3 is a schematic view of calculating blood vessel
direction, in which all of the blocks comprise a binary image.
The value of the black block is equal to 1, and the white to 0.
In this embodiment, the black blocks stand for the flow region
and the white blocks stand for background region. Given “
%  as the computing point, there are six points in the flow
region connected to the computing point in the horizontal
direction (including the computing point itself), and three
points in the flow region in the vertical direction (including
the computing point itself); thus the rough direction of the
computing point is the horizontal direction.

3. Accurate computation of blood vessel direction may
then be performed, which is based on the rough estimation of
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blood vessel direction. An accurate computation is applied to
the blood vessel direction with spatial relations between
points in current flow region and points in the neighborhood.
The specific steps will be further described herein. Firstly, the
neighborhood of the computing point is determined, wherein
the neighborhood takes the computing point as center and
includes a plurality of points in the flow region in the rough
direction ofthe computing point. Secondly, the median line of
the blood vessel in the neighborhood is determined. To each
point in the neighborhood, midpoints of the blood vessel are
counted along the direction which is vertical to the rough
direction of the blood vessel. The lines connecting these
midpoints comprise the median line of the blood vessel in the
neighborhood. In the embodiment as shown in FIG. 3, the
rough direction of “ %  is the horizontal direction. Given the
computing neighborhood take the “ %  as center and three
pixels respectively in the left and right sides. The “o” shown
in FIG. 3 is the midpoint of the blood vessel in the neighbor-
hood. The white solid lines lined up by these midpoints are
regarded as the median line of the blood vessel in the neigh-
borhood (step 204).

With the median line of the blood vessel, a linear fitting or
Hough Transform can be applied to obtain the direction of the
blood vessel (step 206). As shown in FIG. 3, the white dotted
line is the fitted line. The angle 8 between the blood vessel
direction of ““% ” and the horizontal direction can be calcu-
lated according to the slope of the straight line.

The binarization of the image is used for convenience. The
step, which distinguishes the flow region and the background
region, is not necessary at the beginning. The distinguishing
step can be used to distinguish the current point is background
or flow in other steps.

In one embodiment, the blood vessel direction is calculated
based on morphological characteristics, which comprises a
second distinguishing step 400, an extraction step 402, and a
second computation step 404, as illustrated in FIG. 4. The
blood vessel direction is calculated with the skeleton
extracted by morphology, wherein the skeleton is used to
express the shape and structure of a flat region with a simpli-
fied diagram. The detailed process is as follow:

1. The Image distinguishing (step 400) is performed, which
is similar to step 200.

2. Extracting the skeleton of the distinguished image (step
402) is also preformed. Additionally, before extracting the
skeleton, a preprocess, such as denoising and edge smooth-
ing, can be applied to the distinguished binarization image so
as to deburr the extracted skeleton for achieving a best effect.

3. Calculating the direction of each point on the skeleton
may be further performed. The skeleton includes a plurality
of lines, so the direction of the point on the skeleton can be
calculated by utilizing method of linear fitting or Hough
transform to a plurality of neighbor points (step 404).

Additionally, to calculate the point not on the skeleton, as
the skeleton is a simplification of a flat region, the direction of
the point of the skeleton is regarded as the direction of points
not on the skeleton, wherein the point of the skeleton is
nearest to the points not on the skeleton and can be lined up in
the blood flow region in the distinguished image.

FIG. 5 is a schematic view of computing blood vessel
direction based on the skeleton, in which the curve/is the
deburred skeleton, point A is the computing point, point B is
the nearest point to point A on the skeleton, the dotted line is
the direction of point B, thus the direction of point B can be
regarded as the direction of point A.

Additionally, the direction of the blood vessel can be cal-
culated with gradient properties, wherein the gradient prop-
erties are about the velocity or energy at the center of blood
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vessel being higher than that at the both sides and degression
on both sides in the velocity image or energy image. A skilled
artisan will appreciate that the algorithms used in calculating
the blood vessel direction include, but are not limit to the
described methods herein. Various methods, which are used
in dynamic frame persistence by calculating blood vessel
direction, may also be used.

In the described embodiments, the blood vessel direction is
calculated with the result of the previous frame persistence. It
can be understood by those skilled in the art that the flow
directions are identical without any change in each of the flow
velocity image series or each frame persistence result. There-
fore, similarly, the blood vessel direction can be calculated
with current frame persistence or other previous frame per-
sistence, and should not be limited in with previous frame
persistence.

After determining the blood vessel direction, theresult F, |
of previous frame persistence needs to be offset (step 104).
The information about blood vessel direction and flow direc-
tion is needed when offset. The information about the shape
and structure of blood vessel can be identified by the blood
vessel direction. However, the direction along which the
blood flows cannot be judged. The flow direction can be
obtained with Doppler properties; that is, if the flow velocity
is positive, the blood flows towards to the transducer,
whereas, if the flow velocity is negative, the blood flows away
from the transducer.

With the information about the directions of blood vessel
and the flow, the movement direction of flow can be judged.
An example is shown in FIG. 6, in which the velocity of point
A is negative, which means the blood flows away from the
transducer. According to the blood vessel direction, the move-
ment direction of point A is judged as V. Similarly, the
velocity of point B is positive, which means the blood flow
toward the transducer. According to the blood vessel direc-
tion, the movement direction of point B is judged as V.

The offset can be obtained by velocity. The larger the
velocity, the larger the offset, whereas, the smaller the veloc-
ity, the smaller the offset. The relationship between the offset
tran and the velocity V can be expressed with a function
tran=f(V), where the function f can be set with actual needs.
The function f'can be linear function or quadratic function, as
long as it meets the requirement of the larger the flow, the
larger the offset.

For example, the relation between the offset tran and the
velocity V can be expressed with a function tran=VxS/(128x
fp), where fp is frame rate, S is the Scale set by user, VxS/128
is the flow velocity detected, 1/fp is the interval between two
adjacent frames, thus VxS/(128x1p) is the distance of flow
between two moments of two frames.

A skilled artisan will appreciate that, by multiplying the
flow velocity V with the interval of the two frames, the dis-
tance of flow between two moments of two frames is
obtained, and the distance is regarded as the offset.

Due to the angle of emission and other reasons, the velocity
detected by an ultrasonic instrument under C mode is gener-
ally not the real flow velocity. Therefore, the formula can be
transformed according to actual situations. For example, the
formula can be tran=kxVxS/(128x{p)+b, where k is a con-
stant set with actual needs, the contract between high speed
flow and low speed flow can be raised when k>1, while the
flow velocity trends to consistent when k<1. To get the effect,
the formula can be transformed with double transform, log
transform, Gamma transform, etc. However, no matter what
transform method, it needs to meet the requirement that the
higher the flow velocity, the larger the offset.
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Having such described information, the result of the pre-
vious frame persistence can be offset. In one embodiment, the
detailed process is as follows.

1. Decomposing offset with the blood vessel direction. The
offset tran is decomposed in the horizontal and vertical direc-
tions, respectively, according to the blood vessel direction.
After decomposition, the offset can be expressed as (Ai, Aj)
where Ai=tran cos 0, Aj=tran sin 6 and 0 is the angle between
the directions of blood vessel and horizon.

2. Offsetting velocity image with the decomposed offsets.
After obtaining the horizontal and vertical offsets, the point is
offset a distance (Ai, Aj) along the flow direction. FIG. 7
shows an example of an offset, in which the point A is offset
(Ai, Aj) along the blood vessel direction according to the flow
direction, and the point A' is obtained.

Additionally, as the offsets of each point in the flow region
might not be identical, a plurality of points in the flow region
might be offset to a same point after offset, which will lead to
some points in the flow region have no value after offset. In
such case, an interpolation can be utilized (step 106). The
method of interpolation can be used according to practical
situations.

After offsetting the result of previous frame persistence,
the offset result is still marked as F,_|, an operation of frame
persistence is applied to F,_; and I, to obtain the result F,=¢(,,
F, )) of current frame persistence (step 108). The result of the
current frame persistence is processed by other signal pro-
cessing techniques shown in FIG. 8, and finally sent to a
display. With the frame persistence according to the described
embodiment, the flow displayed shows the blood flows along
the blood vessel direction, and more satisfies the principle of
hemodynamics.

As illustrated in FIG. 9, a system for color flow dynamic
frame persistence may include an acquisition module 900, a
third computation module 902, an offset module 904 and a
persistence module 908. An interpolation module 906 may
also be included in some embodiments. The acquisition mod-
ule 900 is configured to acquire the result of previous frame
persistence of the flow velocity image, as well as the current
flow velocity image. The third computation module 902 is
configured to calculate the blood vessel direction reflected by
the result of the previous frame persistence. The offset mod-
ule 904 is configured to offset the result of previous frame
persistence along the vessel direction with the flow direction
and the flow velocity. The interpolation module 906 is con-
figured to interpolate points in the flow region having no value
after offset. The persistence module 908 is configured to carry
out an operation of frame persistence between the current
flow velocity image and the frame persistence result of the
previous frame which has been offset. In an embodiment, the
third computation module 902 is configure for calculating the
blood vessel direction with gradient properties, wherein the
gradient properties are about the velocity or energy at the
center of blood vessel is higher than that at the both sides and
degression on both sides in velocity image or energy image.
In another embodiment, the offset module 904 is configured
to decompose the offset of the points in the velocity image
along vertical and horizontal directions respectively based on
the blood vessel direction, and offset the point with a hori-
zontal and vertical offset along the flow direction, implement-
ing the offset of the frame persistence of the previous frame.

As illustrated in FIG. 10, a system for calculating the blood
vessel direction on a flow velocity image comprises a first
distinguishing module 1000, an estimation module 1002, a
determination module 1004, and a first computation module
1006. The first distinguishing module 1000 is configured to
distinguish the points in the flow region and points in the
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background from a flow velocity image. The estimation mod-
ule 1002 is configured to set a plurality of directions, respec-
tively calculate the number of the points in the flow region
connecting with the computing point in each direction, and
take the direction with the maximum number as the rough
direction of the computing point. The determination module
1004 is configured to determine midpoints on the direction
vertical to the rough direction in a neighborhood, and take the
line connecting the midpoints as the median line of the blood
vessel in the neighborhood, wherein the neighborhood takes
the computing point as the center and consists of a plurality of
points in the flow region on the rough direction. The first
calculation module 1006 is configured to calculate the direc-
tion of the blood vessel on the computing point according to
the determined median line of the blood vessel. In one
embodiment, the image is binarized by marking the points
whose value are smaller than a predefined threshold as zero
and the remaining points as 1, thus distinguishing the points
in the flow region and the points in the background region.

As illustrated in FIG. 11, a system for calculating the blood
vessel direction on the flow velocity image comprises a sec-
ond distinguishing module 1100, an extraction module 1102,
and a second computation module 1104. The second distin-
guishing module 1100 is configured to distinguish each of the
points in the flow velocity image into points in the flow region
and points in the background region. The extraction module
1102 is configured to extract the skeleton of the flow region
from the distinguished image. The second calculation module
1104 is configured to calculate the direction of each point of
the skeleton according to a plurality of neighbor points of
each computing point of the skeleton, wherein the direction of
point of the skeleton is regarded as the direction of points not
on the skeleton, and wherein the point of the skeleton is
nearest to the points not on the skeleton and can be lined up in
the flow region in the distinguished image.

According to the aforesaid embodiments of the disclosure,
a system for color flow dynamic frame persistence and a
system for calculating blood vessel direction in a flow veloc-
ity image can be realized in a color ultrasonic imaging system
with hardware, software, firmware or their combination.

While specific embodiments and applications of various
methods and devices have been illustrated and described, it is
to be understood that the invention claimed hereinafter is not
limited to the precise configuration and components dis-
closed. Various modifications, changes, and variations appar-
ent to those of skill in the art may be made in the arrangement,
operation, and details of the methods and systems disclosed.
Additionally, the terms mentioned in the claims and/or
descriptions, such as “first”, “second”, “third”, etc., are used
for convenience and should not be construed as limiting.

Furthermore, the methods disclosed herein comprise one
ormore steps or actions for performing the described method.
The method steps and/or actions may be interchanged with
one another. In other words, unless a specific order of steps or
actions is required for proper operation of the embodiment,
the order and/or use of specific steps and/or actions may be
modified without departing from the scope of the invention as
claimed.

The embodiments disclosed may include various steps,
which may be embodied in machine-executable instructions
to be executed by a general-purpose or special-purpose com-
puter or other electronic device. Alternatively, the steps may
be performed by hardware components that contain specific
logic for performing the steps, or by any combination of
hardware, software, and/or firmware.

Embodiments of the present invention may also be pro-
vided as a computer program product including a non-transi-
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tory machine-readable medium having stored thereon
instructions that may be used to program a computer (or other
electronic device) to perform processes described herein. The
machine-readable medium may include, but is not limited to,
floppy diskettes, optical disks, CD-ROMs, DVD-ROMs,
ROMs, RAMs, EPROMs, EEPROMs, magnetic or optical
cards, or other type of media/machine-readable medium suit-
able for storing electronic instructions.

Those of skill in the art would further appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embodi-
ments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To
illustrate the interchangeability of hardware and software,
various illustrative components, blocks, modules, circuits,
and steps have been described above generally in terms of
their functionality. Whether such functionality is imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the invention as claimed
hereinafter.

What is claimed is:

1. A method for calculating blood vessel direction of a flow
velocity image comprising a plurality of points, the method
comprising:

distinguishing each of the plurality of points in the flow

velocity image as points in a flow region and points in a
background region;

extracting a skeleton of the flow region from the distin-

guished image; and

calculating a direction of each point of the skeleton accord-

ing to spatial relations of points in the flow region and a
plurality of neighbor points of each computing point of
the skeleton,

wherein the direction of at least one point on the skeleton

which is nearest to points not on the skeleton and which
can be lined up in the flow region in the distinguished
image is regarded as the direction ofthe points not on the
skeleton.

2. The method of claim 1, wherein calculating comprises
applying linear fitting or Hough Transform to a plurality of
neighbor points ofthe skeleton of each computing point of the
skeleton so as to calculate the direction of each point of the
skeleton.

3. The method of claim 1, wherein the extraction step
further comprises deburring the extracted skeleton.

4. A method for color flow dynamic frame persistence,
comprising:

acquiring a result of a previous frame persistence and a

current flow velocity image;

calculating a blood vessel direction reflected by the result

of the previous frame persistence;

offsetting the result of previous frame persistence along the

blood vessel direction with flow direction and flow
velocity to obtain an offset velocity image,

wherein offsetting comprises decomposing the offset of a

point in the velocity image along the horizontal and
vertical direction respectively, and offsetting the point
along the flow direction with at least one of a horizontal
offset and a vertical offset, and

wherein offsetting is performed such that the larger the

velocity of flow, the larger the offset, or the smaller the
velocity of flow, the smaller the offset; and
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performing frame persistence between the current flow

velocity image and the offset velocity image.

5. The method of claim 4, further comprising:

interpolating the points which have no value in the offset

velocity image.

6. The method of claim 4, wherein calculating comprises
calculating the blood vessel direction with gradient proper-
ties.

7. A system for calculating blood vessel direction of a flow
velocity image comprising a plurality of points, comprising:

a distinguishing module configured to distinguish each of

the points in the flow velocity image as points in a flow
region and points in a background region;
an extraction module configured to extract a skeleton of the
flow region from the distinguished image; and

acomputation module configured to calculate the direction
of each point of the skeleton according to spatial rela-
tions of points in the flow region and a plurality of
neighbor points of each computing point of the skeleton,

wherein the direction of at least one point on the skeleton
which is nearest to points not on the skeleton and which
can be lined up in the flow region in the distinguished
image is regarded as the direction of the points not on the
skeleton.

8. A system for color flow dynamic frame persistence,
comprising:
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an acquisition module configured to acquire a result of a
previous frame persistence and current flow velocity
image;

a computation module configured to calculate a blood ves-
sel direction reflected by the result of the previous frame
persistence;

an offset module configured to offset the result of previous
frame persistence along the direction of a blood vessel
with flow direction and flow velocity to obtain an offset
velocity image,

wherein the offset module is configured to offset the result
of previous frame persistence by decomposing the offset
of a point in the velocity image along the horizontal and
vertical direction respectively, and offsetting the point
along the flow direction with at least one of a horizontal
offset and a vertical offset, such that the larger the veloc-
ity of flow, the larger the offset, or the smaller the veloc-
ity of flow, the smaller the offset; and

a persistence module configured to implement frame per-
sistence between the current flow velocity image and the
offset velocity image.

9. The system of claim 8, further comprising:

an interpolation module configured to interpolate points
which have no value in the offset velocity image.

10. The system of claim 8, wherein the computation mod-

ule calculates the blood vessel direction with gradient prop-
erties.



